Learning about a moving visual stimulus was examined in zebrafish larvae using an automated imaging system and a t1-t2 design. In three experiments, zebrafish larvae were exposed to one of two inputs at t1 (either a gray bouncing disk or an identical but stationary disk) followed by a common test at t2 (the gray bouncing disk). Using 7 days post-fertilization (dpf) larvae and 12 stimulus exposures, Experiment 1 established that these different treatments produced differential responding to the moving disk during testing. Larvae familiar with the moving test stimulus were significantly less likely to be still in its presence than larvae that had been exposed to the identical but stationary stimulus. Experiment 2 confirmed this result in 7 dpf larvae and extended the finding to 5 and 6 dpf larvae. Experiment 3 found differential responding to the moving test stimulus with 4 or 8 stimulus exposures but not with just one exposure in 7 dpf larvae. These results provide evidence for learning in very young zebrafish larvae. The merits and challenges of the t1-t2 framework to study learning are discussed.
Introduction
The developing zebrafish (Danio rerio) has emerged as an important model system in biology, environmental toxicology, and neuroscience. Its small size, rapid development of sensory and motor functions, and its behavioral diversity combine to make the larval zebrafish an ideal candidate for high throughput automated analyses of behavior essential for rapid mutagenesis screening and detection of the effects of pharmaceutical and chemical agents. By 7 days post-fertilization (dpf), the zebrafish larva is approximately 5 mm long. It has a complex swimming repertoire consisting of several topographically distinct components that help co-ordinate its movements in three dimensional space at a variety of speeds (Wolman & Granato, 2012) . This finely tuned motor system coupled with a highly developed tetrachromatic visual system enables the 7 dpf zebrafish larva to track and capture small prey, to avoid predators including adult zebrafish, and to maneuver without collision in typically densely populated larval colonies. Automated medium and high throughput assays have already been established to study spontaneous and stimulus-induced locomotor activity, social proximity, and visually-induced avoidance behavior in zebrafish larvae (Chen, Huang, Zheng, Simonich, Bai, Tanguay & Dong, 2011; Colwill & Creton, 2011a; Colwill & Creton, 2011b; Creton, 2009; Kokel & Peterson, 2011; Pelkowski, Kapoor, Richendrfer, Wang, Colwill & Creton, 2011; Powers, Wrench, Ryde, Smith, Seidler & Slotkin, 2010; Selderslaghs, Hooyberghs, De Coen & Witters, 2010) . Here, we report three experiments using a semiautomated behavioral assay to study the effects of prior experience (learning) in zebrafish larvae.
Arguably the simplest procedure for studying learning is the repeated presentation of a stimulus. Demonstrations of habituation, sensitization, imprinting, and the mere exposure effect as well as studies of perceptual learning, latent inhibition, expectancy violation, priming and recognition memory all employ this basic procedure. However, proper assessment of the learning produced by this procedure is a more complicated matter. For example, many studies using this procedure to show habituation typically rely on the demonstration of a significant decline in responding to the stimulus, usually between the first and last presentations. Such an approach is inadequate for several reasons (Davis, 1970; Davis & Wagner, 1968; Davis & Wagner, 1969; Rescorla, 1988; Rescorla & Holland, 1976) . Foremost, this design confounds the conditions for learning (input) with the assessment of learning (test) which can lead to serious misunderstandings about the nature of that learning. For example, Best, Berghmans, Hunt, Clarke, Fleming, Goldsmith, and Roach (2008) recently examined how the interstimulus interval (ISI) affected the rate of response decrement to an iterative auditory stimulus. Using a between-subjects design, different groups of 7 dpf WIK larvae were exposed to repeated stimulus presentations at 1, 5 or 20 s intervals, and the distance moved in the second immediately following each stimulus presentation was measured. The decline in the distance moved between the initial and terminal stimulus presentations was most pronounced in the larvae with the 1 s ISI. For the larvae with the
